
PHYSICS 632 Winter 2005 Jan. 27 midterm -
CORRECTED

Name:

1) A particle in a sphere, r < a, is in the state:
ψ(r, t = 0) = 1√

2
[φ1(r) − φ2(r)],

where φn are the energy eigenstates, with energies En, ordered from lowest
eigenvalue to highest. The first state is the l = m = 0 ground state. (a)
What is the lowest energy that can be measured? Assume mass M and give
the answer in terms of M and a. (b) What is ψ(x, t)? (c) What is < R̂ > (t),
where < r|R̂|f >= rf(r). Write your answer in terms of well-defined radial
integrals.
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2) Ĥ = L̂2

2I + ω0L̂z. What are the eigenstates and eigenvalues of Ĥ? At
t = 0 the particle is in the lowest energy eigenstate with l = 1. What is
< L̂x > (t).
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3) (a) Compute [L̂i, R̂
2]. (b) If L̂ = L̂1 + L̂2, what is [L̂2, L̂1 · L̂2]? Show

your work.
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4) For angular momentum one-half there are two eigenstates, |+ > and |− >,
where J2|± >= 3/4|± > and Jz|± >= ±1/2|± >. H = ω0Jz. At t = 0,
|ψ(t = 0) >= 1√

2

(
|+ > +|− >

)
. What is |ψ(t) >? What are the possible

measurements of Jx? What are the probabilities of each as a function of
time?
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